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Renewable Energy and Battery 
Storage
It’s going exponential!



Wind power generation 
between 1965 and 2000

Wind



Wind power 
generation between 
1965 and 2023

0 => 2300 TWh

4x Germany's yearly 
consumption

Wind



Solar power generation 
between 1965 and 2010

Solar



Solar power generation 
between 1965 and 2023

0 => 1600 TWh

12x Sweden's yearly 
consumption

Solar



The price of PV panels follows 
'Moore’s Law'... or at least some 
distant version of it.

-“What is determining the cost of 
renewable power is the cost of 
the power plant, the cost of the 
technology itself.”

50 years of exponential price decline

                                 

  
 
  
   
 
  
 
 
  
 
 
  
 
 
  

                               

   

  

  

  

          
            

                   

                    
    

           
              

       

                 

                  

https://ourworldindata.org/cheap-renewables-growth
https://en.wikipedia.org/wiki/Cost_of_electricity_by_source#/media/File:2010-_Decreasing_renewable_energy_costs_versus_deployment.svg


Solar Power Records in California

At 12:10 on the 23rd of August 2024, 19.6 GW of 
solar power was produced.

…That is slightly more than Sweden's peak 
consumption yesterday (19.1 GW).

https://www.caiso.com/


Energy Mix in Californa

7 days in February

15 GW of solar power at noon

6 GW of battery power after sunset

8 GW from imports from other states

8 GW from natural gas

2 GW of nuclear power

It is possible to build a stable grid with 
renewables and batteries. 

Bonus if you can import power when needed ☺

https://www.gridstatus.io/live/caiso?date=2025-02-19to2025-02-25


Battery Storage

Rapid Price Reduction

From $715/kWh in 2014 to $115/kWh 
in 2024

84% price reduction over 10 years

60 GW of battery storage projects in 
Australia

https://reneweconomy.com.au/plunging-cost-of-big-batteries-latest-gigawatt-scale-project-may-set-new-price-benchmark/
https://www.renewableenergyworld.com/energy-storage/storage-is-booming-and-batteries-are-cheaper-than-ever-can-it-stay-this-way/


Battery Discharge Record

400 MW in 2021

8400 MW in 2024

=> 21 times more power

At 16:55 on the 12th of January, 
almost 30% of the power come 
from batteries!



Renewables will change our
industry!
Distributed energy sources will change the topology and complexity of the 
grids



Conclusions – from a PQ perspective

Ensure Network Stability 

Detect "Unknown Unknowns" effectively 

Implement Real-Time Measurement and Response 

Utilize Accurate Class A Data 



Unknown Unknowns - Continuous scan

Automatic sampling speed depending on event.

PMU absolute phase angle measurements between 
different locations in the electrical network.

No special setup required

Continuous measurement of all data for several months. 
Norm compliant power quality measurement at the same 
time

Waveform presentation with resolution up to 1024 points 
per cycle

Load balance investigation. Study voltage and active and 
reactive power

Verifying renewable generation

Detailed study of network performance. Inrush current, 
filter response



Unipower products 
are class A certified 
by METAS 

Participating laboratories - BIPM

Accurate Data – Class A

https://www.bipm.org/en/cipm-mra/participation


The importance of time-synchronization

To measure correct is to know

Our instruments are time-synchronizing

- Global Positioning System (GPS) 

Time-Synchronization

- Network Time Protocol (NTP)

- Master-Slave Synchronization (Schedule 

server)

What about time?



Unipower staff representing Sweden in IEC 61000-4-30 
Class A, Working Group

Jonny Carlsson



Upcoming training sessions: 

➢ Sweden in May

➢ KGRTC in October

Knowledge Transfer/Exchange


